The mortality rate following hip fracture (HF) surgery is high and has a multifactorial pathogenesis (Hu et al. [@C7], Smith et al. [@C21], Nikkel et al. [@C15]). The influence of potentially modifiable factors, such as the post-surgery ambulatory level, on long-term mortality rates seems less studied compared with preoperative risk factors (Kristensen [@C10], Hu et al. [@C7], Smith et al. [@C21]). Yet, some data suggest that post-surgery walking ability as opposed to bedridden or wheelchair status, the ability to stand up versus not, the post-surgery time to ambulation, and a decreased combined balance and gait score may predict long-term mortality following HF (Hoenig et al. [@C6], Fox et al. [@C4], Gdalevich et al. [@C5], Siu et al. [@C20], Panula et al. [@C17], Dubljanin-Raspopovic et al. [@C1], Iosifidis et al. [@C9]).

However, the influence of the post-surgery basic mobility level, as evaluated with the easily applicable, reliable and standardized Cumulated Ambulation Score (CAS) (Foss et al. [@C3], Kristensen et al. [@C12]), on long-term mortality rates following HF has not been studied.

The main aim of this study was to examine whether the basic mobility status on acute hospital discharge was associated with an increased risk of mortality at 1 and 5 years after HF surgery when adjusted for important pre-surgery risk factors as reported in 2 meta-analyses (Hu et al. [@C7], Smith et al. [@C21]). Secondary aims were to determine the relative role of the 3 basic mobility activities evaluated with the CAS: bed, chair, and walking skills, to a non-independent status, and whether the length of hospital stay (LOS) influenced post-discharge mortality rates.

Patients and methods {#s0002}
====================

Patients {#s0003}
--------

493 pre-fracture ambulatory patients with HF admitted from their own homes, who followed a multidisciplinary enhanced recovery program at the orthopedic hip fracture unit, Hvidovre Hospital, University of Copenhagen, Denmark, and who were discharged from the acute hospital, were studied in 2 consecutive prospective cohorts (Kristensen et al. [@C13], Kristensen and Kehlet [@C11]). Patients who also had other fractures than the hip fracture, surgical restrictions of mobilization, re-surgery during admittance, early transfer to medical wards or "home" hospital, and thereby were not able to follow the enhanced program were excluded from the 2 previous studies. Further, those who died during admittance in the orthopedic ward were not included. We excluded 47 patients younger than 60 years of age and 2 foreigners, and thus 444 patients were included in the present study.

Primary and secondary exposures {#s0004}
-------------------------------

The CAS (Foss et al. [@C3]), which evaluates independence in the 3 basic mobility activities---getting in and out of bed, sit-to-stand-to-sit in a chair with arms (seat height approximately 45cm), and indoor walking with or without a walking aid---was used as the primary exposure. The distribution of CAS scores (0 = not able to despite human assistance and verbal cueing, 1 = able to, with human assistance and/or verbal cueing from one or more persons, or 2 = able to safely, without human assistance or verbal cueing) for each of the 3 CAS activities (Kristensen et al. [@C12]), and the cumulated 1-day CAS score (0--6 points) were collected from the routine physical therapist score sheets. The CAS is an obligatory national register score reported to the Danish Multidisciplinary Hip Fracture Database, with the pre-fracture and acute hospital discharge CAS score reported, enabling calculation of a change score, reflecting the early rehabilitation outcome. Also, the CAS is used in other countries (Piscitelli et al. [@C18], Taraldsen et al. [@C22]). The post-surgery LOS in days was used as a secondary exposure.

Adjustment variables {#s0005}
--------------------

The adjustment variables to the basic mobility status on hospital discharge were age, sex, pre-fracture function evaluated with the reliable and modified New Mobility Score (NMS, 0--9 points) (Kristensen and Kehlet [@C11]), cognitive status, fracture type, and the ASA grade (1--4 points), which are among the key preoperative characteristics associated with the long-term risk of mortality, as shown in recent meta-analyses (Hu et al. [@C7], Smith et al. [@C21]).

Primary and secondary outcomes {#s0006}
------------------------------

The primary outcome, the date of death within 5 years following the index hip fracture surgery, was obtained retrospectively from the Danish Civil Registration system and transformed into post-surgery days to death. Also, as a secondary outcome, post-discharge days to death was recorded for the evaluation of the potential association with LOS (Nordstrom et al. [@C16], Nikkel et al. [@C15]).

Discharge criteria {#s0007}
------------------

The functional discharge criteria for patients being discharged directly back to own home were standardized, and included the ability independently to: get in and out of bed, sit to stand to sit from a chair with arms, and walk with an aid to be used in the home, as evaluated with the CAS score, and getting to and from a place of eating and manage toilet. Functional discharge criteria for patients with hip fracture are seldom reported, but although used in the present fast-track program, patients are far from being considered fully rehabilitated at the time of hospital discharge, even if fulfilling these criteria.

Statistics {#s0008}
----------

Patient characteristics for those who died were compared with those alive at 1-year post-surgery using Student's t-test for age (Q-Q plots indicated a normal distribution), the Mann--Whitney test for post-surgery LOS, and chi-square tests for sex, pre-fracture function (NMS, 2--5 versus 5--9 points), cognitive status, ASA grades (1--2 versus 3--4), fracture type (femoral neck versus trochanteric), type of surgery, discharge destination (own home versus 24-hour rehabilitation setting or nursing home), and the basic mobility CAS status on discharge. The CAS was dichotomized as independent (CAS =6) as opposed to not independent (CAS \<6).

The variables mentioned above, except for the type of surgery (dependent on the fracture type), LOS and discharge destination (highly associated with the basic mobility status on discharge), were entered into a multivariable Cox proportional hazards models including 95% confidence intervals (CI) to examine their influence on the 1-year and 5-year post-surgery mortality rates. The NMS and ASA grade were entered as continuous variables, while age was entered in decades. Log-minus-log versus log of survival time graphs in the 2 Cox models showed parallel curves for the independent and non-independent basic mobility group. Corresponding Kaplan--Meier survival graphs were generated for the 2 CAS groups, and for the 1-year post-discharge mortality and LOS (grouped as 0--5, 6--10, 11--14, and \>14 days) (Nikkel et al. [@C15]). Data are presented as mean (SD) if normally distributed, otherwise as median (25--75% quartiles) or as number (percentage). A p-value below 0.05 was considered significant; GraphPad software (San Diego, CA, USA) and SPSS version 21.0 (IBM Corp, Armonk, BY, USA) were used for the statistical analyses.

Ethics, funding, and potential conflicts of interest {#s0009}
----------------------------------------------------

The study was approved by the local ethics committee and data collection within the study period was registered with the data protection agency (2003-41-3113). No funding was received for the present study, and the authors report no conflict of interest.

Results {#s0010}
=======

Characteristics of the 444 pre-fracture ambulatory patients (aged ≥60 years), of whom 71 (16%) and 251 (57%), respectively, died within 1 and 5 years post-surgery, are reported in [Table 1](#TB1){ref-type="table"}. 102 (23%) patients were discharged from the acute hospital without reaching an independent basic mobility status (CAS \<6) and stayed more days (median of 22 \[15--32\]) in the acute hospital, as compared with the independent (CAS =6) group with 12 \[8--16\] days (p \< 0.001). 83 (81%) patients in the non-independent group were discharged to further rehabilitation or permanent nursing home, compared with 30 (9%) in the independent group. 79 (78%) patients in the non-independent group died within the 5-year follow-up period compared with 172 (50%) in the independent group (p \< 0.001). The 1-year and 5-year survival rates for the non-independent group were 66% (HR =0.34, CI 0.14--0.43) and 55% (HR =0.45, CI 0.26--0.50) lower than in the independent group, respectively ([Figure 1](#F0001){ref-type="fig"}). The Mantel--Cox log-rank survival distribution tests also differed: x^2^(1) = 23 (p \< 0.001) and x^2^(1) = 36 (p \< 0.001), and, compared with the non-independent group, the post-surgery survival times were longer for patients in the independent group, with a mean of 341 (CI 334--349) days as opposed to 297 (CI 273--320) days for 1-year survival and 3.7 (CI 3.5--3.8) years as opposed to 2.5 (CI 2.2--2.9) years for 5-year survival.

![Kaplan--Meier graph of 1-year (grey vertical line) and 5-year post-surgical survival of patients independent in basic mobility (CAS =6, blue line) and not (CAS \<6, red line) on acute hospital discharge.](iort-89-47.F01){#F0001}

###### 

Characteristics and 1-year mortality: values are mean (SD) for age and median (IQR) for the length of stay; otherwise, number (%)

                                                                       Alive 1-year post-surgery                 
  ------------------------------------------------------- ------------ --------------------------- ------------- ----------
  Variables                                               n = 444      n = 373 (84)                n = 71 (16)   p-value
  Age, years                                              81.4 (8.5)   81.2 (8.5)                  82.9 (8.0)    0.1
  Men                                                     103 (23)     80 (78)                     23 (22)       0.05
  Women                                                   341 (77)     293 (86)                    48 (14)       
  New Mobility Score 2--4 points                          156 (35)     116 (74)                    40 (26)       \< 0.001
  New Mobility Score 5--9 points                          288 (65)     257 (89)                    31 (11)       
  Low cognitive status                                    86 (19)      68 (79)                     18 (21)       0.2
  High cognitive status                                   358 (81)     305 (85)                    53 (15)       
  ASA grade 1--2                                          244 (55)     219 (90)                    25 (10)       \< 0.001
  ASA grade 3--4                                          200 (45)     154 (77)                    46 (23)       
  Femoral neck fracture                                   225 (51)     196 (87)                    29 (13)       0.07
  Trochanteric fracture[^a^](#TF1){ref-type="table-fn"}   219 (49)     177 (81)                    42 (19)       
  2 screws/nails                                          60 (15)      58 (97)                     2 (3)         0.1
  Hemiarthroplasty                                        139 (31)     115 (83)                    24 (17)       
  Total arthroplasty                                      6 (1)        6 (100)                     n/a           
  Dynamic Hip Screw with 2-hole plate                     18 (4)       15 (83)                     3 (17)        
  Dynamic Hip Screw with 4-hole plate                     179 (40)     145 (81)                    34 (19)       
  Short intramedullary hip screw                          24 (5)       20 (83)                     4 (17)        
  Long intramedullary hip screw                           18 (4)       14 (78)                     4 (22)        
  Discharged to previous residence                        331 (75)     289 (87)                    42 (13)       0.001
  Not discharged to previous residence                    113 (25)     84 (74)                     29 (26)       
  Length of stay, post-surgery                            13 (9--20)   13 (9--18)                  18 (12--29)   \< 0.001
  Cumulated Ambulation Score =6 **^**b**^**               342 (77)     302 (88)                    40 (12)       \< 0.001
  Cumulated Ambulation Score \<6                          102 (23)     71 (70)                     31 (30)       

Includes 12 subtrochanteric fractures.

A score of 6 equals independent basic mobility status on hospital discharge.

Adjusted Cox regression analysis showed that the likelihood of not surviving the first post-surgery year was 2 times higher for men and those with CAS \<6, while the corresponding 5-year likelihoods were 1.5 times higher for those with a CAS \<6 and for men; 2 times higher for those 80 years or older; increased by 50% per point higher ASA grade; and was reduced by 11% per point higher New Mobility Score, when adjusted for the cognitive and fracture type status ([Table 2](#TB2){ref-type="table"}).

###### 

Multivariable Cox regression analysis of risk factors of mortality within 1 and 5 years after hip fracture surgery, n = 444

                                                                  1-year adjusted               5-year adjusted     
  --------------------------------------------------------------- ------------------- --------- ------------------- ----------
  Risk factors                                                    HR (95% CI)         p-value   HR (95% CI)         p-value
  60--69 years of age                                             Reference                                         
  70--79 years of age                                             1.1 (0.4--3.3)      0.8       1.1 (0.7--2.0)      0.6
  80--89 years of age                                             1.9 (0.7--4.9)      0.2       1.8 (1.1--3.0)      0.02
  90 years and older                                              1.5 (0.5--4.5)      0.4       2.1 (1.2--3.7)      0.01
  Women                                                           Reference                                         
  Men                                                             2.1 (1.3--3.6)      0.005     1.5 (1.1--2.0)      0.01
  NMS 2--9 (continuous) **^**a**^**                               0.87 (0.77--0.97)   0.01      0.89 (0.84--0.94)   \< 0.001
  High cognitive status                                           Reference                                         
  Low cognitive status                                            0.93 (0.53--1.6)    0.8       0.94 (0.69--1.3)    0.7
  ASA grade 1--4 (continuous)                                     1.5 (0.98--2.3)     0.07      1.5 (1.2--1.9)      \< 0.001
  Femoral neck fracture                                           Reference                                         
  Trochanteric fracture[^b^](#TF4){ref-type="table-fn"}           1.2 (0.7--2.0)      0.4       0.97 (0.74--1.3)    0.8
  Cumulated Ambulation Score =6[^c^](#TF5){ref-type="table-fn"}   Reference                                         
  Cumulated Ambulation Score \<6                                  1.8 (1.1--3.2)      0.04      1.5 (1.1--2.0)      0.03

NMS: New Mobility Score, high scores indicate high pre-fracture functional level.

Includes 12 subtrochanteric fractures.

A score of 6 equals independent basic mobility status on hospital discharge.

Basic mobility activities {#s0011}
-------------------------

Subgroup analysis showed that only 1 of the 102 non-independent patients was completely bedridden upon hospital discharge, but that 92 (90%) were non-independent in the CAS activity getting in and out of bed, while this was the case for 50% and 71%, respectively, for the sit-to-stand-to-sit and walking activity ([Figure 2](#F0002){ref-type="fig"}). Furthermore, the 1-year survival decreased (HR =0.57, CI 0.37--0.88) with lower CAS points (0--5 points). Corresponding 5-year data were (HR =0.37, CI 0.21--0.67).

![Distribution of CAS scores: 0 = cannot, 1 = can with assistance/guiding, and 2 = can independent of human assistance for each of the 3 CAS activities, at time of hospital discharge, for the 102 patients not reaching independence in the total CAS =6 points.](iort-89-47.F02){#F0002}

Influence of LOS on post-discharge mortality rates {#s0012}
--------------------------------------------------

73 patients (16%) died within the first year following discharge, and the risk of death increased by 1.5% per day longer in hospital (HR =1.015, CI 1.01--1.02) as illustrated by 5% 1-year deaths in patients with LOS from 0--5 days, 8% in the 6--10 days group, 17% in the 11--14 days group, and 23% of patients with LOS \>14 days ([Figure 3](#F0003){ref-type="fig"}), and confirmed by the log-rank survival distribution test: x2(3) = 14.9 (p = 0.002).

![Kaplan--Meier graph of 1-year post-discharge survival of patients according to post-surgery length of hospital stay (LOS).](iort-89-47.F03){#F0003}

Discussion {#s0013}
==========

We found that the basic mobility status on acute hospital discharge, evaluated with the reliable and validated CAS score, was associated with long-term mortality rates in patients with hip fracture when adjusted for important pre-surgery variables. We also found that the basic mobility activity, getting in and out of bed, was the most compromised, and that mortality rates and LOS had a direct relationship. The patients studied (60 years or older at the time of the fracture, pre-fracture ambulatory, and residing in their own home) followed a multidisciplinary in-hospital enhanced recovery program. Nevertheless, although we focused our study on the patients considered to have the best potential for leaving hospital with an independent basic mobility status, this was not reached for almost 25% of our patients and was associated with the death of more than 75% after 5 years.

Basic mobility status {#s0014}
---------------------

The importance of the ambulatory status early after surgery we found corresponds well to that reported from other countries (Gdalevich et al. [@C5], Siu et al. [@C20], Panula et al. [@C17], Dubljanin-Raspopovic et al. [@C1], Iosifidis et al. [@C9]), with the same 1-year or longer follow-up. However, none based their ambulatory variable on a combined score where independence was only reached if independent in a combination of bed, chair, and walking activities as evaluated with the CAS. This seems important, as our subgroup analysis revealed that some patients classified as non-independent actually were able to get up from a chair (50% of patients) and maybe also to walk (29%) independently, but not able to get in and out of bed without some level of personal assistance (90%).

Nonetheless, the overall questions are: why do some patients not reach an independent ambulatory level, and what can possibly be done to further enhance the perioperative multidisciplinary program?

We know that the post-surgery ambulatory status following HF is influenced by e.g. age, pre-fracture function, fracture type, anemia, hip fracture-related pain, muscle strength, and fear of falling (Kristensen [@C10]), in addition to the ability to complete planned physical therapy on the first post-surgery day (Hulsbaek et al. [@C8]), and associated with short-term mortality (Foss et al. [@C3]). Further, a recent study provides knowledge of patient-reported factors limiting the basic mobility status and ability to complete planned physical therapy early after HF surgery, with fatigue and hip fracture-related pain the most frequent reported reasons (Munter et al. [@C14]). Correspondingly, fatigue and pain were significantly related to functional ability 3 months post-discharge hip fracture rehabilitation (Folden and Tappen [@C2]).

Handling hip fracture-related pain is already a strong in-hospital focus area, but still not perfectly handled during acute hospitalization, and especially for patients with a trochanteric fracture (Kristensen [@C10]). On the contrary, monitoring and specific interventions towards reducing fatigue or fear of falling are commonly not part of today's hip fracture programs and sparsely studied in this patient group. Also, it might be that continuation of the more intensive physiotherapy program throughout the entire admittance could have reduced the number of non-independent patients at the time of discharge.

Other variables {#s0015}
---------------

In addition to the basic mobility CAS status, we also found that men, and those with a lower pre-fracture functional level, were more likely to die within both time-points, compared with women, and those with a better functional status. Further, the risk of 5-year deaths was increased by 50% per 1 point higher ASA grade, and for those 80 years or older compared with those in their sixties. Our findings thereby add to the evidence (Hu et al. [@C7], Smith et al. [@C21]) of the 4 variables mentioned earlier as strong pre-surgery predictors of mortality following HF. However, in significant contrast to the 2 recent reviews (Hu et al. [@C7], Smith et al. [@C21]), we found no statistical influence of the cognitive status for increased risk of mortality, probably explained by our inclusion of pre-fracture ambulatory patients without severe cognitive impairments, and no nursing home residents.

Length of stay {#s0016}
--------------

The influence of LOS on short- and long-term mortality after the HF has been extensively discussed within the last few years (Nordstrom et al. [@C16], Nikkel et al. [@C15], Sheehan et al. [@C19]), and to some extent focused on the general reduction in LOS. We found that each day of increase in LOS was associated with a 3% increased odds of death during the first post-surgery year. Our finding of mortality associated with longer LOS is in accordance with data from New York state (Nikkel et al. [@C15]), but in contrast to that reported from Sweden (Nordstrom et al. [@C16]). However, caution is needed when interpreting and comparing LOS after hip fracture surgery, as this is strongly influenced by the discharge destination, the fulfillment of functional discharge criteria, and whether nursing home residents (commonly discharged back to their home a few days after surgery) are included in the analysis.

Strengths and weaknesses {#s0017}
------------------------

Strengths are that all patients were followed for 5 years post-surgery; deaths were verified by the national civil registry; we studied only patients with pre-fracture independent walking status, and who followed the same enhanced hip fracture program. A weakness is that we did not include other post-surgery variables (e.g. medical complications), beyond the post-surgery basic mobility status, in our long-term mortality analysis. However, we wished to examine the influence of the modifiable post-surgery basic mobility status only, when adjusted for well-established pre-surgery factors (Hu et al. [@C7], Smith et al. [@C21]). Other weaknesses may be that a specific co-morbidity measurement was not evaluated as a confounder, and that we have no post-discharge rehabilitation data. In summary, we found increased 1- and 5-year mortality rates for HF patients with pre-fracture independent mobility but without independent basic mobility status on hospital discharge. We also found that longer LOS was associated with higher mortality rates. Further studies, focused on whether early interventions that improve the basic mobility status of patients with HF also decrease mortality rates, should be instigated.
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